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RESEARCH MEMORANDUM

AN INVESTICGATION OF CONVERGENT-DIVERGENT DIFFUSERS
AT MACH NUMBER 1.85

By DeMarguls D. Wyatt end Henry R. Hunczek

SUMMARY

An Investigation was conducted in the NACA Lewis 18- by 18-inch
supersonic tunnel at a Mach number of 1.85 and angles of attack from
0° to 5° to determine optimum design configurations for a convergent-
divergent type of supersonic diffuser with a subsonic diffuser of 5°
inciuded dlivergenceé angle. Totael-pressure recoveries in excess of
theoretical recovery across a normal shock at & free-stream Mach
nunber of 1.85 were obtained wlth several configurations.

The hlghest recovery for configurations without & cylindrical
throat section wes obteined with an inlet having an included conver-
gence angle of 20°. Insertion of e 2-inch throat sectlon hetween
a8 10° included angle inlet and the subsonic dlffuser stebilized the
shock inside the diffuser end resulted in recoveries as high as
0.838 free-stream totzl pressure at sn angle of attack of o° s corres~
vonding to recovery of 9Z2.4 percent of the kinstic emergy of the free '
air stresm. Use of the throat sectlon also lessensed the reduction in
recovery of all configurations due to angle of attack.

- INTRODUCTION

Diffusion of the free air sgtream in e manner that resulits in
maximum total-pressure recovery is essential to efflcient operation
of ram-jet engines. The particular necessity for determining the
optimum diffuser designs for supersonlc ram-jet engines 1s accentu-
ated by the losses in totel pressure aessociated with normal shock

, waves. The effect of the shock can be minimized only through reduc-

tion of the Mach number at which the shock cccurs. Diffusers thet
accomplisgh this deslired reduction in Mech number have been proposed
by Oswetitsch (reference 1) end Eentrowitz and Donaldson (reference 2).

U
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Reference 2 presente the theory of the comvergent-divergent diffuser
together wilth preliminsry experimental results of such a diffuser at
an angle of attack of 0°.

As pert of a general study of supersonic diffusers, a detailed
Program has been undertaken at the NACA Iewls laborstory to establish
optimum design configurations for the convergent-divergent type of
supersonic diffuser. Data have been obtalned in the 18- by 1l8-inch
superscnic tunnel at & Mach number of 1l.85 to show the effects of
inlet angle and stralght throat length after contraction on the pres-
sure recovery at angles of attack up to 5°. The results include the
effoect of variations of the outelt flow area of the diffusers. Data
are also presented for a diffuser having a cylindricel inlet with no
contraction and for a slmple divergling diffuser to serve as & compars-
tive basis Tor evaluating the convergent-divergent type of diffuser.

APPARATUS AND PROCEDURE

The diffuser combinations were tested in the Lewis 18- by 18-inch
supersonic tunnel, which at the time was calibrated by measuring the
angle of an oblique shock generated by a cone. This method is accurate
to about 2 percent in determining the free-stresm Mach number at the
diffuser inlet, A . -

The complete test conflguration conslsted of a cylindrical gec-
tion simulating & ram-Jjet combustion chamber, a straight tapered sub-
sonic diffuser with an included divergence angle of 5°, and straight
tapered inlete and cylindricsl throat sectlong fitted on the subsonic
diffuser in the desired combinations. The schematic arrangement and
principel dimensions of the model are given in figure 1. No fairing
was used at any of the junctures between the component perts.

The investigatlion included tests of 10 convergent, 1 cylindrical,
and 1 divergent inlet (fig. 1) elone and in combination with verious-
length throats. The principal dimensions of the inlets and a summary
of the inlet-throat combinations investigated are given in table I.

The inlet-throet combinations using convergent inlets are 1lden-
tified in teble I and willl be referred tc in the rest of the report
according to the following practice: The first numeral indicates the
included convergence angle of the inlet T , the second numeral gives
the geometrical contrection retio of the inlet (nose area/minimum
area}, and the third numersl shows the length of stralght throat
sectlon L. (See fig. 1.) For example, configuration 5-1.190-0
denotes en Inlet with T = 5° and a contraction ratio of 1.190 used
without a throat section. '

3.9
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The locations of piltot tubes; statlc-pressurse orifices, and
pltot-static tubes used .in determining the pressure conditions at
the entrance to the slmulated combustion chember are shown in fig-
ure 2. Additional stetic orifices were located in the inlets, the
throets, and the subsonic diffuser for determining the longltudinal
gstatic~-pressure distribution. The pressure tubes connected to these
orlfices were carrled along the outside surface of the diffuser with-.
out extermal fairing.

Totael pressures in the free stream at the diffuser inlets were
calculated from total pressures measured in the tunnel setitling
chamber. The retlo of free-stresm total pressure to setiling-chamber
total pressure had been established for each inlet position from a
prsvious tmnel calibretion and these ratios were assumed to be con-
sta.nt throughout the tests.

All pressures were photographically recorded on a multiple-tube
mercury mancmeter. Alr-flow condlticns about the diffuser Inlet
were observed with a two-mirror schlleren system and were occaslon-
ally photographed for record purposes.

Configurstion 10-1.176-2 was investligated at angles of attack
of 0%, 1°, 29, and 59; the other configurations were tested only at
0° and 5°. At each angle of attack the back pressure on the diffuser
outlet was changed by verying the outlet area of the simulated com~-
bustion chember by means of a conical plug at the rear of the model.
(See fig. 1.)

RESULTS AND DISCUSSION

When the outlet passage of the simulated combustion chamber was
closed, an unsteedy oscillatlon of the shock bow weve ahead of the
diffuser inlet was visually obaserved through the schlieren system
for all configuretions. The typlcal movement of the shock wave as
the outlet passage was opened 1s shown In figure 3 by the schlieren
photographs of the 5-1.190-0 configuration at 5° angle of attack.
At emall ratios of combustion-chamber-outlet area to dlffuser-inlet
area (As5/A1) the sir flow through the model was sufficient to
steady the normel shock ahead of the inlet as shown in Ffigure 3(a).
The shock directly ahead of the diffuser inlet appeers to be normal
to the air stream rather than parallel to the diffuser-entrance
plane in this photograph. This relative position was observed at
all angles of attack. When As/A1l was further increased the normal
shock moved toward the inlet (fig. 3(b)) snd finally was entirely
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contained within the diffuser (fig. 3(c¢)). Operation at thils final
shock position 1s considered desirable with thle type of diffuser
in order to avoid high external nose pressures and to Ilncrease the
maas rate of alr flow through the diffuser.

Typlcal static-pressure distributions along the Internal wells
of the Inlet, the throat section, and the subsonle diffuser of the
20-~1.190-2 configuration are shown in figure 4 es the ratio of wall
static pressure to free-stream total pressure, p/Po. Progresslve -
motion of the normal shock wave intoc the inlet and down the subsonic
diffuser as the outlet area was Incressed is appsrent from the posi-
tlon of the shsrp upward breask In the pressure curve at the different
conditions. At 5° angle of attack (fig. 4(h)) the pressure differen-
tial between the upper end lower surfaces of the diffuser (solid and
dashed lines) caused by wave reflections and impact was rapidly

Static-pressure distributions (p/Pg) at the entrance to the
combustion. chamber for a typlcal configuration are presented in fig-
ure 5. The pressure-tube locstions in figure 2 are translated to
lie in a single vertical plane in the plotting of figure 5; two
pressures are therefore plotted at each point. As expected, the

static pressure across the combustion chamber was apparently equalized.'

The variations in total-pressure recovery (PQ/PO) shown in figure 6
therefore indlcate changes in the velocity distribution across the com-

bustion chamber. Wall static pressures plotted as total pressures at the

1.8-inch-radius position give a means of ready estimation of dynamic
pressure. For all configurations the flow was almost uniform through
the combustion chamber at all angles of attack for values of As/Al
less than spproximately 2.30. A nonuniform velocity distribution
occurred at larger values of As/A1. A symmetrical high-velocity
region occurred at the center of the combustion chamber at 0° angle
of attack. The pesk velocity shifted slightly towsrd the top at

5° angle of attack.

Static pressures measured along the top internsl surfaces of
the inlet and the forward portion of the subsonic diffuser are pre-
sented in Figure 7 for the configurations having the 1.190 contrac-
tlon ratio inlets without throst sectlons. Supersonic flow was
esteblished into the inlets having Included convergence angles from
5° to 20° for values of Ag/A; greater than approximately 0.9, as

shown from the low statlc pressures in the inlets. The contraction
ratio 1.190 used in these inlets was gelected prior to calibration
of the tunnel on the supposition that the Mach number of the tunnel
test section would be 1.89. This contraction ratlio would result in
over-contractlion of the alr stream at a Mach number of 1.85 and,

672
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according to one-dimensional theory, the shock would remein outside
the inlet. (See reference 2.) The difference between the two Mach
numbers, 1.85 and 1.89, is wilithin the precision of the tunnel
callbration. .

Static pressures in the inlets of the 30-1.190-0 and 40-1.190-0
configurations remained high for all conditions of A5/A1, showing
that & normal shock occurred ahead of the throat. Visual observe-
tlon of the inlets through the schlieren system disclosed, however,
thai the normal shock did not remain ahead of the Inlets. It is
believed that an Inversed bow shock occurred Just inside the inlets
in a manner theoretically predlcted by Ferri (reference 3).

The static pressures iIn the inlets for conditions where the
normal shock had entered are plotted in figure 8 to show the com-
parison with the theoretical pressure dlstributions determined from
considerations of the flow-turning angle alone. (See reference 4.)
In the determination of the theoretlical curves 1t was assumed that
the deflection of the flow by the inlet lip was anslogous to the
deflection caused by flow into a cormer egqual to helf the included
convergence angle of the Inlet. The locatlon of the meesured pres-
gures above the respective thsoretical pressures sghows a flow com-
pression indicative of transition from two- to three-dimensionzal
flow, approximeting the flow fisld analytically investigated by Ferri.

The total-pressure recoveries (P4/Pg) of the inlets with
1.190 contraction ratlioc are presented in figure 9 as a function of
As/Al. The theoretical recovery as determined from cne-dimensional

nonviscous theory based on a choking condition at the combustion-
chamber outlet is included. (See the appendix.)

According to theory, the normal shock should have remaeined out-
slde the diffuser with resultant total-pressure recoverleg corre-
sponding to & normael shock at a free-stream Mach number of 1.85 for
values of Ag/A1 less than 0.846. A%t this area ratio the normel
shock should have entered the inlet and reesteblished itself in the
subsonlic diffuser at an upstream Mech number of 1.85. A decrease
in combustion-chember-outlet ares to give Ag/A; = 0.751 should

have moved the shock back to the throat where it would occur at the
minimum upstreem Mach number and give the maximum total-pressure
recovery. Conversely, increasing A5/Al above 0.846 should have
drawn the shock farther into the diffuser, resulting In higher
upstream Mach numbers snd resultant reduced pressure recoveries.
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Presgure recoverles at #éry iow vaelues of As/Al approximated
theoretical recoveries for a shock at free-stream Mach number Ilnasmuch

ag the diffuser was essentially operating as a total-head tube under
those conditions. As Ag/A) was increased the measured recoveries

fell helow the theoretlcal recoveries, owlng to friction losses 1ln
the diffuser. The point of sharp change of curvature of the pressure-
recovery curve occurred at values of As/Al between 0.9 end 1.0 for

ell inlets, indicating thet shock losses first occurred in the sub-
sonic diffuser at those srea ratios.

Recoveries with the shock ingide the subsonic diffuser showed
good agreement in slope with the theoretical curves, dbut the area
ratios Ag/A) were lsrger then the theoretical values. The general .
shift is attributed to discrepancies between the measured geometrical
outlet area Ag and the ildeal flow area upon whlch the theoretical

curves are based. Friction effects contribute to the variastions in
displacement among the several diffusers.

The peaked recovery curves obtained with inlets of 5°, 10°, 159,
and 20° included convergence angle indicate that the normel shock
wave was moved closer to the throat by a decrease in As/A] efter
the shock had entered the inlet. The general trend of the data shows
increasing values of recovery as the inlet angle wes increased. The
maximm recovery measured was 0.814 of the free-stream total pressure
(fig. 9(8)) and was obtained with the 20-1.190-0 configurations.
Recovery curves for the 30-1.190-0 and 40-1.190-0 configurations
show no peaks because of the strong lnverse bow wave ahead of the
throat (reference 3). Operation of the inlets at 50 angle of attack
resulted 1in loss of most or ell of the peaked recoveries present at
0° angle of attack but otherwise had no effect on the slope or mag-
nitude of the recovery curves.

The serles of Inlets deslgned with a contraction ratio of 1.176
{slightly under the theoretical meximum for e free-stream Mech number
of 1.85) gave recovery curves slmilar to those obtained for the inlets
with & contraction ratio of 1.120 but maximum recoveries were slightly
lower, as had been theoretically snticipated. (See fig. 10.)

Data obtailned from tests of the cylindrical inlet and of the
inlet that diverged at an included angle of 5°, thereby forming a
continuation of the subsonic diffuser, are presented in figures 11
eand 12. No peak ln pressure recovery is theoreticelly possidle with
elther inlet. Comparison of the results from tests of the converglng
inlets and tests of the cylindrical and diverging inlets show that

2L9
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the improved totael-pressure recoveries of the converging inlets are
obtainsble only with close control of Ag/A;. All inlets showed

approximately the same characteristice at 5° angle of attack inas-
much a8 peaked recoveries were largely unobtalnable with the con-
vergent inlets.

The maximun recoverlies of the several inlets corresponding to
conditions with the normal shock inside the diffuser are summarized
in figure 13. For these tesits without throats the maximm recovery
was obtained with the 20-1.190-0 configurstion; the maximum recovery
exceeded the theoretical recovery behlnd a normal shock at a free-
stream Mach number of 1.85 by 3 percent.

According to a theory of shock-wave stabllity proposed by
Kantrowitz (reference 5), insertion of a straight throat section
between the inlet and the subsonic diffuser should result in
increasged pressure recoveries by decreasing the tendency of the
shock to Jump shead of the inlet when an attempt 1s mede to locate
1t near the minimum sectlon.

Throat sectlions 1, 2, and 4 inches in length were investigated
to validate this theory. Static-pressure distributions in the inlets,
the throats, and a portion of the subsonic diffuser for each of the
configurations tested are shown in figure l4. Retention of the normel
shock wave inside the diffuser as evidenced by inlet static pressures
of the order of 0.20 free-stream total pressure occurred at minimum
values of Ag/A1 of 0.93L for the configuration without the throst,
0.806 for the l-inch throat, and 0.860 for the 2-inch throet, thereby
indicating operation of the throats as theoretically anticlpated.
(See the appendix.)

Supersonic flow was never established into the inlet of the con-
figuratlion with the 4-inch throat owing to the bulld-up of boundary
layer. The presence of the boundary layer is shown by the decreasing
statlc pressures in the direction of alr flow in the throat sectiom.

The pressure recoveries obtained with the configurations used
to Investlgate the effect of throat length ere presented in fig-
ure 15; the meximum recoveries are plotted in figure 16 as a func-
tion of throat length. Insertion of the l-inch throat resulted in a
4.4-percent increase in maximum pressure recovery as compered with
the recovery of the same inlet with no throat and insertion of the
2-lnch throaet resulted in an 8.2-percent increase. Use of the 4~inch
throat section decreased the meximum recovery owing to fallure of the
normal shock wave to enter the inlet. All configurations gave approxi-
metely the same resulits at 5° angle of attack; a pressure pesk was
wmobtainable.
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The results of several inlets tested in comblnatlon with the
2~-inch throat to determine the possiblllties of comblining the peak
recoverles of the Inlete and the throat showsd - conslistently high
recoveries with all combinations. (See figs. 17 and 18.) The maxl-
mum recovery (fig. 18) was obtained with smaller inlet convergence
angles than was the case In the configurations with no throats
(fig. 13); the maximum total-pressure recovery of 0.838 free-gtream
total pressure was obtalned with the 10-1.176+«2 configuration. The
rocovery of the 20-1.176-2 configuration was greater than the
recovery with the 20-1.190-2 configuration, which was & reversal
of the results from the same inlets without throat sectioms.

The maximum recoveries of the configurations having the 2-inch
taroat section remeined somewhat higher at increasing angles of attack
than did the conflgurations without throats. The meximum recoverles
{(with the shock swallowed) of the 10-1.176-2 configuration at several
angles of attack from 0° to 5° are shown in figure 19 as & function
of angle of attack.

The summarized date of figures 13, 15, and 18 are presented in
flgures 20 and 21 In terms of the energy efficlency of the diffuser.
The energy efficlency n is deflned as the portion of available
kinetle energy in the free ailr stream that ls recovered in the dif-
fuslon process. The equation for thils value in terms of the total
pressures ln the free stream and at the diffuser ocutlet is developed
in reference 2 and, 1n the notatlon of ths present paper, la:

L

3.5
=] - -—5—- :-P;Q. - 1
n MOZ Py

where Pp and P4 ‘are the total pressures in the free s%ream and
at the diffuser outlet, respectively, and My 1s the free-stream

Me.ch number.

The maximum efflciency for the configurations without throat
sections was cbtalned with the 20-1.190~0 configuration; 91.2 percent
of the ldnetic energy of the free alr stream was recovered. Addition
of the 2-inch tarost resulted in.a meximum efficiency of 92.4 percent
for the 10-1.176-2 configuration.

672
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SUMMARY OF RESULTS

As part of a general study of supersonic diffusers, an investi-
gation of several inlet and throat comblnations tested at a free-
stream Mach number of 1.85 in a convergent-d.ivergent diffuser
arrengement with a subsonic diffuser of 5° included divergence
angle gave the following resulis:

1. Totael-pressure recoveries In excess of the theoreticel
recovery across a normal shock at a free-stream Mach number of 1.85
were obtalned with a2 numwber of conflgurations. The maximum total-
pressure recovery was obtained with an inlet having a contraction
ratio of 1.176 and an included convergence angle of 10° operated in
comblnation with a 2-inch straight throat section between the inlet
and the subsonlc diffuser. The throst wes found to stebllize the
shock inside the diffuser. The maximum pressure recovery at O°
angle of atbtack with this configuration was 0.83%8 free-stream total
pressure and corresponded to recovery of 92 4 percent of the kimetic
energy of the free a.:Lr stream.

2. Configurations tested without throat sectlions gave highest
recoveries with an inlet having an included convergence angle of 20°.
Inlets having a contraction ratio of 1.190 gave slightly higher
recoveries than corresponding inlete of 1.176 contrection ratio.

3. Qperations of configurations at 5° angle of attack resulted
in reduction of the maximum total-pressure recoveries obtained with
the shock inside the diffuser 1o below the theoretical recovery
behind & shock at free-stream Mach number. The use of a Z-inch
throat section lessened the reduction in recovery due to angle of
attack.

4. The velocity dletribution at the outlet of the subsonic
diffuser was found to be reasonably uniform for sll conflgurations
at ratios of combustion-chamber-outlet area to diffuser-inlet area

required to maintain the normsl shock near the throat of the diffuser.

Lewls Flight Propulsion Iaboratory,
National Advisory Commlittee for Aeronautics,
Cleveland, Chio.
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APPENDIX - CALCULATION OF THEQRETiCAL TOTAL-FRESSURE
RECOVERY AS A FUNCTION OF THE RATIO OF

COMBUSTION-CHAMBER -OUTLET ARFA TO

i 872

The theoretical total-pressure-recovery curves in figures 9 .
to 12 end flgures 15 and 17 were based on an assumed one-dimensional
nonviscous air flow according to the fcllowlng enalysle:

i

It cen be shown thet the equation m = PVA for the mass rate
of air flow m ' through a closed chennel caen be rewritten in terms
of the Mach number M as

- %+l
.), _l 2 2'}‘-1
m = paM {1l + L= M o --(2)

RT 2 -
where : o |
m mase rate of air flow
P density
v veloclity
A flow arss

¥ ratio of specific heat at constant pressure to specific heat
at constant volume

gas congtant
gtagnation temperature

total preséﬁre

= W H2 W

Mach number

If the air flowing through the diffuser enters with free-stream
velocity (that is, the shock is swallowed), the mass flow l1s comstant
lrrespective of outlet conditions snd may be determined from condl- .
tions of any polnt in the system. If flow through the diffuser and
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the simulsted combustion chamber without heat transfer is assumed,
the stagnation temperature of the alr is unchenged. From conserva-
tion of mass, the relation betwsen the total pressure and the flow
ares &t the inlet to the diffuser and at the outlet of the simulated
combustion chamber can therefore be derived from equation (2) as

2+ll _
(59) (%) - (s @
3
M5\ 71 + 21 M12

where subscripts 1 and 5 denote conditions at the diffuser inlet and
the simulated combustion-chamber outlet, respectively.

The total pressure at the diffuser out].et P4 can be substituted

for Pg by assuming frictionless flow; Pl can be replaced by the
free-stream totel pressure Pp; and M3 can be replaced by the free-
stream Mach number Mgy because the shock is assumed to occur inside

the diffuser. Sonic velocity occurs at the combustion-chamber outlet
end Ms has a value of 1.0. Therefore equation (3) reduces to ‘the

form,
+1
2%7-15
A P 1+ L-_l.
5 4 2
() () o
' L

The tight-hend member of equation (4) is the reciprocal of the
isentroplc area ratio required to accelerate the alr from sonic
velocity to Mach number My and is a constant for any glven flight
Mach number. At Mach number 1.85 the value of the constant is
0.669 (y = 1.400).

The highest recovery for which equation (4) is valid is the
recovery across a normal shock located at the throat of the diffuser.
This valus must be determined from one-dimensional calculatlons
applied to the glven configuration. The area ratio As/Al thereby

determined is the minimum for retention of the normsl shock inside
the diffuser. Any further reduction in As/A; forces the normal
shock wave aheed of the diffuser, vhere it occurs at free-stream
Mech number, and the total-pressure recovery remalns constant at the
free-stream shock-recovery value.
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An incremse in Ag/A1 moves the normal shock downstream from
the throat of the diffuser and decreases the total-pressure recovery

according to equation (4) as the shock occurs at progressively higher
Mach numbers.

The minimum pressurs recovery satlsfying the conditions of equs-
tion (4) is the walue that gives sonic velocity at the combustion-
chamber outlet with & static pressure Jjust equel to the free-stream
static pressure. This minimum total-pressure recovery is Independent
of the configuration and is glven by the formula

I
7-1 7=
(fé) Y - (5)
P 1
0 min 1+ Z-z— Moz
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TABLE I ~ INLET DIMENSIONS AND SUMMARY

‘OF INIET-THRCOAT COMBINATIONS

~JBA
Inlet-throat |Inlet nose |Inlet length | Throat length
combination | dismeter b(fig. 1) L(fig. 1)
(in.)
5-1.190-0 1.682 - 1.805 0
10-1.190-0 l.682 «803 O
15-1.190-0 1.882 «53L 0
20-1.180-0 1.882 « 397 0O
20-1.190-2 1l.682 -« 397 2
30-1.190-0 l.882 « 281 0]
40-1.130-0 1.682 192 0
5-1.176-0 l.672 1.483 0
5-1.176-1 l.672 1.489 1
5-1.176-2 1.672 1.488% 2
5"1.17 6"4 ln672 1-48—9 4
10-1.176-0 1.672 743 0
10~-1.176-2 l.672 <743 2
15-1.176-0 1.672 o494 0
15-1.176-2 1.672 - <434 2
20-1.176-0 1.672 « 3689 0
20-1.176-2 1.672 ' + 369 2
Cylindrical 1l.542 «855 0
Diverging . 1.453 1.021 0

lThe first numeral indicsies the included convergence
angle of the Inlet T, the second numersl glves
the geoumstrical contraction ratio of the inlet
(nose area/minimum sreas), end the third numsral
gshows the length of straight throat section L.
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P Pitot tube
S Statlic-pressure
PS Pltot—statie tube

orifice

Figure 2,- Instrumentation at combustion—-chamber
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(a) Ag/Ay, 0.650. (b) Ag/A|, 0.850.
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inlet for several outiet-inlet area ratios, Ag/Ay. Mg,
{.85; angle of attack, 5°.
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Figure 15.~ Concluded., Effect of combustion~chamber-outlet

?riaton average total-pressure recovery with §-1,176
nlet,
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Figure 16,- Effect of throat length on maximum total—

pressure recovery with normal shock snside diffuser,
5 -1,176 inlet, angle of attack of 0°,
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Average total-pressure recovery, P4/P0
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Figure 17.- Effect of combustion—chamber-outlet area on average
total=-pressure recovery with 2=inech throat. .
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Figure 17.~ Continued, Effect of combustion-chamber-—outlet

area on average total-pressure recovery with 2-inch throat,
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Average total-pressure recovery, P4/Po
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Flgure 17,- Continued, Effect of combustion-chamber—outlet
area on average total-pressure recovery with 2-inech throat,
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Pigure 17,- Concluded, Effect of combustion—chamber-outlet
area on average total-pressure recovery with 2-inch throat,
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Total-pressure recovery, P4/P0
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Figure 18,- Effect of inlet angle on maximum total-pressure
recovery with normal shock inside diffuser, 2-inch
throat, angle of attack of 0°,
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Figure 19,- Effect of angle of attack on maximum tdtal-—
pressure recovery with normal shock inside diffuser,
10-1,176=0 configuration,
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Figure 20,- Effect of inlet angle and throat length on
maximum energy efficiency with normal shock inside of

diffuser,

Angle of attack of 0°,
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FPigure 21,~ Effect of throat length on maximum energI
efficiency with normal shock inside diffuser. §—1.176
inlet, angle of attack of 0°.
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